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Abstract

In this work, the effect of voltage and concentration on the properties of zinc powder (purity,
morphology, and apparent density) that produced by electrodeposition process from industrial waste
(galvanized steel) was studied. In Electrodeposition process, used sulfuric acid H, SO, with
concentration 0.2M and zinc sulphate heptahydrate ZnSO, .7H, O in three different concentrations
(100, 75, and 50) M, The time of deposition is 10 mins, three electrodes were used, the distance
between electrodes was 3cm for all experiments and the PH of solutions were 0.3, 0.4, 0.6 for three
concentrations respectively. The voltages that used were (2, 3, 4, 6, 8, and11) V. First of all, the
morphology of zinc powder for all experiments was dendritic. The effect of voltage on the apparent
density in ranging was from 1.2 to 0.71 gm. /cm® in 100M for voltages from 2V to 11V, it was from
0.94 t00.60 gm. /cm? in 75M, and it was from 0.80 to 0.50 gm. /cm? in 50M concentration. The purities
increased with decrease of zinc ion concentration were (89.51, 92.78, and 95.48) for three different
concentrations of same voltage 2V. The highest purity of Zn powder was 95.58 in 6V in 50M
concentration.

Keywords: Zinc, galvanized steel, Electrodeposition process, Sulfuric acid, Purity, and Apparent
density.

1. Introduction

Zinc is a significant base metal used in different industries like; metallurgical industry,
chemical industry and textile industry [1]. Zinc metal is never found pure in nature; the primary
source of zinc is from sphalerite, hemimorphite, hydrozincite, calamine, franklinite, smithsonite,
willemite, and zincite [2]. Some of zinc was recovery from various secondaries like: galvanizing, flue
dust of electric arc furnace and brass smelting, smelting, zinc dross, zinc ash, scrap recycling, casting,
and automobile shredder scrap. Zinc existent in secondary resources in metallic form, oxides form, and
alloy form. And it is related to various levels of impurities that depend on its sources [3]. To recover
metallic values the materials could be used, or these materials can be disposed of. But, the disposals-off
(materials) are now become expensive due to; increasing extent strict environmental protection laws
[4]. Dust particles have a chemical nature like that these are defined as hazardous wastes. Toxicity was
fundamentally done because of the presence of different metals like; cadmium metal, lead metal,
arsenic, and chromium metal, there was an increase benefit in developing process to zinc recovery from
secondaries/waste [5]. The process must produce a scrap which can be recycled with more processing
or disposed -off significantly without effect on the environment. Commonly, pyro-metallurgical
and hydro-metallurgical processes were utilized to treat secondaries [6]. The main obstacle of
the pyro-metallurgical method is; necessity of high energy, and dust collecting/gas cleaning
system required. The salts of chloride and fluoride that present in the dust cause difficult corrosion
problems and necessitate using expensive alloys like materials of construction. The hydro-metallurgical
process is more friends to environments; it is appropriate and economical to the treat of low zinc
containing materials with small scale. It could process secondaries containing various impurities.
Usually can use various lixiviates such as sulpharic acid, ammonia/ammonium carbonate, hydrochloric
acid, ammonium chloride, caustic soda, and carboxylic acid, are used for recovery of zinc[3]. Zinc is
found in the air, soil, and water and is present in all foods. In its pure elemental (or metallic) form, a
common use for zinc is to coat steel and iron (galvanization) to prevent rust and corrosion this is
because the open circuit potential of zinc is lower than that of steel. Metallic zinc is also mixed with
other metals to form alloys such as brass and bronze, it is also used to make dry cell batteries [7, 8].
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Zinc is recycled from end-of-life products such as: brass and zinc die-cast alloys, galvanized steel, zinc
sheet products, industrial chemicals utilizing zinc oxide and other zinc derivatives, electroplating and
metal spraying processes, and The motor industry, where a number of automobile parts are made from
die-cast zinc alloys containing a high percentage of zinc [9, 10]. Electrodeposition is a stable
technique, used for depositing coatings at beginning. The metal ions present in the solution are forced
by electric current, to be coated on cathode. It is a very cheap method [11]. This process refers to a film
growth process, which composed in the formation of a metallic coating or powders by electrochemical
reduction of the metal ions from the electrolyte onto a base material [12]. Metal powders produced by
electrodeposition process of aqueous solutions and fused salts [13]. This method is opposite of
electroplating that hard and brittle mass are deposited, these masses are subsequently ground to
powders have dendritic shapes [14]. The electrodeposition process is done by the immersion of the
plate in a container involving the electrolyte and two electrodes, followed by pass the current through
the device by linked the electrodes with external power supply [15].

There was a lot of literature reviews about produced zinc powder from electrodeposition process
like as:

e Electrodeposition and dissolution of zinc in sulfuric acid were studied as the negative electrode
reactions in acidic zinc-based redox flow batteries. The zinc deposition and dissolution is a quasi-
reversible reaction with a zinc ion diffusion coefficient of 4.6 9 10-6 cm2 s-1 obtained. The increase
of acid concentration facilitates an improvement in the Kkinetics of zinc electrodeposition—
dissolution process. But too high acid concentration would result in a significant decrease in charge
efficiency [16].

e Galvanized steel was used to recovery Zn by using sulfuric acidic solutions with pH value up to 0.2.
A that this solution was containing Zn over 80-85 g/l and Fe 0.2 g/l can be produced by repeated
stripping, the precipitated Zn compound is ZnSO4.H20. This compound contains 36.4% Zn and
0.002% Fe and is a raw material pure enough for commercial use. The ethyl alcohol used to obtain
ZnS04.H20 from the rich stripping solution is recovered with 90% efficiency through distillation
at 78° C for 20 min. This process optimized by the experiments allows for the manufacture of
saleable products and causes no environmental problems [17].

The aim of this work is study the effect of change in voltages and concentrations on the
properties of zinc powder.

2. Experimental work (the materials and methods)

The scrap material used in this process is galvanized steel. Beginning cut the water tank
(galvanized steel) into pieces in dimensions 4cm as width and 8cm as length the cut process is done by
mechanical cutter, The XRF analyses (AMETEK 2010, Germany) of these materials are shown in
Table (1-1). The analysis was conducted at German-Iraqi laboratory, Geological Department, College
of Sciences/ University of Baghdad.

Table (1-1): XRF analysis of galvanized steel

Continent % Percentages
Zn 69.77
Fe 15.20
Al 5.607
S 8.924
Pb 0.06180
K 0.3624
Ca 0.9513
Si 11.82
Mn 0.0189

2.1 Electrodeposition process:

In this electrodeposition process three electrodes used two as anode and one as cathode, used
galvanized steel as anode and stainless steel as cathode, The voltages that used in this study with six
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different values (2, 3, 4, 6, 8 and 11) V, the time of deposition was constant in all experiments about 10
min and the temperature also constant, it was in temperature room 25°c.The procedure of
electrodeposition of zinc was shown below in flow chart figure 1. In this process two anodes with
effective area 16cm? and one cathode with effective area 32cm? were used. The three electrodes
immersed in the cell in vertically parallel state and linked with power supply by wires cathode in the
middle and two anodes set in the external side of cathode as shown in the figure 2. The device that used
is container Pyrex glass in rectangular shape with dimensions (25, 12.5, and 7) cm as length, width and
height respectively. And used power supply as shown in figure 3 with voltages in range 10A and (0-50)
V, Direct current (DC) supplier was attached with the galvanized steel specimen to the positive side,
while the negative side was connected with stainless steel electrode as shown in figure 3

Scrap material galvanized steel (water
tank!

1

Polishing of electrodes

1

Preparation of electrodes Cutting and
drilling in desired dimensions

1

Sulfuric add and zinc . Voltages from? to
¢ Electrochemical cell |y
sulphate heptatrydmt 11V
with concentrations (30, l
73,1000},
Electrod eposition

|

Zinc Precipitation

1

Washing

1

Filtration

|

Drying

Purity I,
Zinc powder == Particle shape

Apparent density

Figurel: flow chart for the experiments carried out for the electrodeposition of zinc
from galvanized scraps.
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Figure 2 shows the electrodeposition figure 3 shows the device used in
Process of zinc. Electrodeposition process.
2.2The electrolyte solution:

The electrolyte solution is a mixture from dilute sulfuric acid in concentration 0.2gm/L and zinc
sulphate heptahydrate in different concentrations (50, 75 and 100) gm. /L, they are dissolved in (1000
ml) distilled water by continues agitation with a magnetic stirrer, it was left until temperature of
solution reached room temperature, after that, the solution was used in electrodeposition cell [18]

2.3Cathode washing process:

The washing process is done by used deionized water, sodium tartrate, and sodium carbonate.
Firstly, wash cathode electrode by deionized water, secondly washed it by sodium tartrate to remove
the remain acid that relate with cathode, washed by deionized water again to remove the remaining
sodium tartrate and after that impressed the cathode in sodium carbonate to remove the impurities,
lastly washed cathode by deionized water to remove the remaining sodium carbonate and at this stage
the cathode scrape by scraper tool to remove the powder as shown in figure 4 and after that filtering the
deionized water that contain the powder by using vacuum filter that shown in figure 5, and dried it in
100° C, in every time the washing process take 5 min with moving the cathode slowly in solution.

2.4 Apparent density

To estimate the apparent density, the powder was poured into an empty bowl, whose size is
known as the weight of the empty container as well as the weight, which is filled with powders, the
apparent density is calculated from equation 1.1

p = (W 2-w_1)/v-p 1.1)
wl= where an empty vessel weight gm.

W2= where filled with the weight of the container gm.
V-p =powder volume cm3.

p = apparent density gm/cm3.

2.5 X-Ray fluorescence analysis

The purity of zinc powder was carried out by using X-ray fluorescence-XRF (AMETEK 2010,
Germany). The analysis was conducted at German-Iraqgi laboratory, Geological Department, College of
Sciences/ University of Baghdad.

3 Results
Experiments of Zn electrodeposition with H, SO,

Figure 6 shown the change in purity of zinc powder with voltages that used H,SO, solution with
concentration 0.2 M, in these study six voltages used (2, 3, 4, 6, 8, and 11) this voltages effect on
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appearance density also and morphology of zinc powder, when the voltages increase the apparent
density increase too, the purity increased first and beginning decrease in 8v and 11v. The change in
concentrations of ZnS0,.7H,0 when increased, the purity was decreased because there were impurities
in powder inside zinc powder like iron and oxides, and the apparent density increased because of
decrease of volume of particles that lead to full of the space between large particles by a small particles
and depend on the relation between volume and apparent density in equation 1.1.

3.1Effect of voltages and concentrations changes on purity of zinc powder:

The purity of zinc powder produced from galvanized sheet by electrodeposition method in
acidic bath and precipitation by sulfuric acid was determined by X-Ray fluorescence spectrometer. In
this study the electrolyte that used was mixture from 0.2 M sulfuric acid and three different
concentration of ZnS0O,.7H,0 (50, 75, 100) M.

The highest purity obtained was 95.58 at 6v in 50M in stainless steel cathode. Because in this
conditions acid solution dissolves zinc only and small amounts of other elements like iron, calcium,
phosphorus, sulfur, and silicon from galvanized steel. The change in concentration of solution affected
on purity which the increase of ZnS0,.7H,0O amount decreased the purity because increased it was
increasing the dissolving of other impurities or elements. The values of purity in different
concentrations are (89.51, 92.78, and 95.48) for the same volte (2) v, in three concentrations (50, 75,
and 100) gm. / L respectively. The purities for 3 volt were (88.30, 87.86, 85.33), the purities in 4 volt
were (90.03, 89.23, 86.52), the purities in 6 volt were (95.58, 92.02, 88.09), in 8 volt the purities were
(93.28, 91.10, and 81.91), and in 11volt the purities were (88.67, 87.98, and 84.95). The presence of Fe
in the solution would decrease the purity of the Zn compound [19]. The effect of voltages has different
effect on purity and in first range of voltages there was increased but when the voltage reach 8Vand
11v there was decreased in purity because there was elements reduction in these voltages with zinc
powder this effect shown in the figure 6.

Figure 4 shows the washing process of cathode. Figure 5 shows the filtration process.
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Figure 6: Effect of change in voltages on the purity with change of zinc ion
concentrations.

In this case when voltage was 3 V there was iron in results of XRF analysis and some another
elements this impurities made purity decrease also it may be return to washing process so when we
increase the time of washing we can remove the impurities that attached on cathode, in 11V the iron
was also deposited on cathode inside zinc but in 6V the purity of zinc powder was highest because a
small amount of impurities was deposited on stainless steel cathode.

3.2 Effect of voltages and concentrations changes on apparent density of zinc powder.

The apparent density increase with increasing of zinc ion concentrations that the size of particles
will decrease related to the relationship between the size of particles and apparent density that is
reverse which determined by equation of apparent density and the figure 7 show the relationship
between the apparent density and zinc ion concentrations in stainless steel cathode. But the effect of
voltages is when the voltages increased, the volume of particles will increase too that leads to decrease
the apparent density because the particle size distribution increased due to the small particles trap
between the large particles and in order to the equation of apparent density the relationship between
volume and the apparent density was reverse these effects shown in figures 8, 9, 10.
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Figure 7: shows the relationship between apparent densities and zinc ion concentrations.
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Figure 8: shows the effect of change in voltages on the apparent density in the 100M zinc
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Figure 9: shows the effect of change in voltages on the apparent density in the 75M zinc

ion concentration.
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Figurel0: shows the effect of change in voltages on the apparent density in the 50M zinc
ion concentration.

4.5 morphology of zinc powder by optical microscopy and SEM analysis:

Figure 11 shows the effect of concentration of ZnS0O,.7H,0 on the morphology of zinc powder
in stainless steel cathode by SEM at 6 V in (a: 100M, b: 75M and c: 50M). The SEM was used to see
the details of zinc powders. Figure 12 shows the effect of concentration of ZnSO,.7H,O on the
morphology of zinc powder in stainless steel cathode by SEM at 8V in a: 100M, b: 75M, and c: 50. The
general shape for all particles in all experiments is dendrite due to the release of hydrogen gas at the
surface of the cathode, where a small part of it enters the structure of the powder layer and makes it
irregular in nature, making the particles grow dendritic.

The figure 13 shows the effect of voltages on the morphology of zinc powder in stainless steel
cathode.

R '1 Wi
SEM HV: 20.0 kV WD: 22.91 mm VEGA3 TESCAN|
View field: 208 ym Det: SE 50 ym

SEM MAG: 1.00 kx |Date(m/dly): 05/30/18 Performance in nanospace
x3-other region

SEM HV: 20.0 kV WD: 25.01 mm
View field: 208 ym Det: BSE
SEM MAG: 998 x  Date(m/dly): 07/19/18 Performance in nanospace
x3-other region
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SEM HV: 20.0 kV WD: 23.23 mm VEGA3 TESCAN
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x3-other region

C

Figure 11: shows the effect of concentration of ZnSO«.7H20 on the morphology of zinc
powder in stainless steel cathode by SEM at 6 V in (a: 100M, b: 75M and c: 50M).
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Figure 12: shows the effect of concentration of ZnSO4.7H:0 on the morphology of zinc
powder in stainless steel cathode by SEM at 8V in a: 100M, b: 75M, and c: 50.
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Figure 13: shows the effect of different voltages on morphology of zinc powder by SEM.
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Conclusions:

The increased of zinc ion concentration was decreased the purity of Zn powder, the apparent
density was increase too, were (0.80, 0.90, and 1.2) in 2V from (50, 75, and 100) M respectively. Six
different voltages used (2, 3, 4, 6, 8, and 11) V, for the same concentration 50M, the purities (89.51,
88.30, 90.04, 95.58, 93.28 and 88.67) and their apparent densities were (0.80, 0.76, 0.73, 0.68, 0.61 and
0.50 gm. / cm®) respectively, that the increased of voltages from 2V to 11V was decrease the apparent
density from 0.80 gm. /cm? to 0.50gm./cm3.

The highest purity of Zn powder that obtained from this study was 95.58 in 6V, and the
morphology of zinc powder that produced from electrodeposition of galvanized steel is dendritic for all
experiments.
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